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A New Approach to the Resection of Pulmonary

Osteosarcoma Metastases
Results of Aggressive Metastasectomy

CHARLES L. SNYDER, M.D., DANIEL A. SALTZMAN, M.D., KATHY L. FERRELL, R.N.,
RoBy C. THOMPSON, M.D., AND ARNOLD S. LEONARD, M.D., PH.D.

Pulmonary metastases are the primary cause of
death from bone and soft-tissue sarcoma. Recogni-
tion that even multiple resections of metastases
can improve survival has led to a more aggressive
surgical approach to these patients. The authors
instituted an aggressive approach and a new tech-
nique and retrospectively analyzed the results of
multiple, pulmonary metastasectomies for pulmo-
nary metastases in 34 patients, 21 of whom had
osteogenic sarcoma (OGS). A number of cases
were referred from other institutions, where they
had been considered inoperable because of exten-
sive or recurrent disease. Using lateral thoracoto-
mies, laser technique with minimal parenchymal
excision, and thin gloves for palpation, aggressive
metastectomy was carried out. A mean of 3.1 thor-
acotomies were performed, with an average of 10.6
nodules resected per thoracotomy. Operative mor-
bidity and mortality were minimal. Evaluation of
potential prognostic factors revealed ro statisti-
cally significant survival difference on the basis of
disease-free interval (DFI), number of nodules re-
sected, number of thoracotomies, or size of largest
nodule resected. There was a clear trend toward
decreased survival of patients with larger nodules
(> 2 cm), but because of the small number of pa-
tients in this group, no firm conclusions can be
drawn. Five-year survival was 49% for the study
group as a whole, and 39% for the OGS patients.
Aggressive surgical resection of pulmonary metas-
tases from bone and soft-tissue sarcoma should be
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considered when there is control of local disease,
no evidence of extrapulmenary metastasis, and ade-
quate postresection pulmonary reserve. The pres-
ence of bilateral, extensive, or recurrent disease is
not a contraindication to thoracotomy. Resection
of multiple nodules or extensive bilateral disease
appears to prolong survival of patients with meta-
static sarcoma, as compared to historical controls.
Similarly, repeated thoracotomy and resection for
patients with recurrent metastases may also pro-
long survival.

Evolution in the treatment of osteogenic
sarcoma (OGS) over the past few decades has
resulted in markedly improved survival.
Changes have occurred in surgical manage-
ment of the primary tumor, adjuvant chemo-
therapy, and surgical treatment of metastatic
deposits. Similar alterations in the manage-
ment of other bone and soft-tissue sarcomas
have occurred.

Pulmonary metastases are the primary
cause of death in patients with bone and soft-
tissue sarcoma. Recognition that occult mi-
crofoci of disease may be present at initial
diagnosis prompted successful intervention
with neoadjuvant chemotherapy. This has re-
portedly extended the disease-free interval
(DFI), decreased the number of pulmonary
metastases, and prolonged survival,'410.18
However, other reports have not substan-
tiated these results.”!2

Several studies have identified factors that
could be used as prognostic indicators: tumor
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doubling time (TDT), number of lesions re-
moved, DFI, unilateral versus bilateral dis-
ease, and number of lesions seen on full-lung
tomography.®!%1%!%2¢ Some authorities feel
these are sufficiently accurate predictors to
exclude selected patients from consideration
for thoracotomy and resection of metas-
tases.'!

In recent years, it has been suggested that
an aggressive operative approach toward pul-
monary metastasis can improve survival
rates for patients with OGS and other sarco-
mas.>'"2° However, patients with extensive,
bilateral, or recurrent metastatic deposits are
often considered inoperable. The authors re-
viewed the results of an aggressive surgical
and chemotherapeutic approach to exten-
sive, or recurrent, pulmonary sarcoma me-
tastases and attempted to identify and evalu-
ate specific predictors of survival after resec-
tion of metastatic pulmonary lesions.

MATERIALS AND METHODS

From January 1977 to April 1989, 106 thora-
colomies were performed on 34 patients for resec-
tion of sarcoma metastasis, for a mean of 3.1 thor-
acotomies per patient (Fig. ). The patients had a
variety of primary tumors, mostly OGS (Table 1).
Since the OGS patients constituted the largest ho-
mogeneous group, they were also reviewed sepa-
rately (Table 2).

FiG. 1. Number of thoracoto-
mies performed per patient for
study group as a whole and for
osteogenic sarcoma (OGS) pa-
tients only.

W All Patients
Bocs Patients

Treatment of bonc and soft-tissuc sarcoma at
the authors’ institution is multidisciplinary. After
resection of the primary tumor, combination che-
motherapy was given (usually consisting of doxo-
rubicin hydrochloride [Adriamycin], cisplatin,
vincristine, and methotrexate), and the patients
were followed with scrial chest roentgenograms
every two months for a two-year period. If pulmo-
nary metastasis was evident on the plain roentgen-
ographic studies, a computed tomography (CT)
scan was obtained. Patients with suspicious find-
ings were considered candidates for thoracotomy.
The following criteria were used to decide oper-
ability: (1) control of the primary disease, (2) ade-
quate postrescction pulmonary rescrve, and (3)
absence of extrapulmonary, metastatic diseasc.
The presence of bilateral or extensive pulmonary
disease on preoperative radiographs was not a rea-
son for exclusion from thoracotomy.

Only patients who were treated with thoracot-
omy for pulmonary sarcoma metastases were in-

TABLE I. Pathology of Resected Nodules
Primary Tumor Number
Osteogenic sarcoma 21
Ewing's sarcoma 6
Malignant fibrous histiocytoma 4
Rhabdomyosarcoma l
Adamantinoma {
Hemangiopericytoma 1
Total 34
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TABLE 2. Comparison of OGS to
All Patients

Parameter All Patients OGS Patients
Sex male, 20; male, 13;
femalc 14  femalc 8

Age (mean) 23 years 17 years
Primary treatment 12 11

Limb salvage

Amputation 14 10

Other 8 0
Primary site of origin 17 12

Femur

Tibia/fibula 6 4

Humerus 3 3

Pelvis 3 |

Other 5 0

cluded in this study. Patients with bilateral disease
received staged thoracotomy, with a one- to two-
week interval between operations, Of the 34 pa-
tients, 16 (48%) received staged bilateral thoracot-
omies. Median sternotomy was not used, since
this limits palpation of the posterior hilar regions
of the lungs.

At operation, the lungs were sequentially and
thoroughly palpated in the inflated and deflated
state by the surgeon and first assistant. Thin gloves
were utilized so pinpoint lesions would be felt.
Any suspicious lesions were resected, with a mini-
mum of normal surrounding pulmonary tissue.
Automatic stapling devices were avoided, since
they tend to sacrifice more pulmonary paren-
chyma than does manual nodule resection. More-
over, with the large numbers of nodules found in
these patients, respiratory insufficiency might oc-
cur and preclude further thoracotomies. Lateral
thoracotomy was important in identification and
accurate removal of nodules in the posterior seg-
ments. It was observed in patients sent from other
institutions, who had sternal splits for bilateral re-
section of nodules, that a number of posterior nod-
ules were missed. Pulmonary defects following ex-
cisions were closed in two running layers with ab-
sorbable suture material. Early in the study,
resection was performed by cutting out the nod-
ules with scissor technique. In the last four years,
however, the use of the carbon dioxide or the nco-
dymium doped yttrium aluminum garnett crystal
(YAG) laser has allowed a much more exact ana-
tomic dissection. One can protect the segmental
vessels and bronchi, seal lymphatics, and mini-
mize blood loss. This technique was a very impor-
tant addition to this series. Very small or pinpoint

nodules were removed in a similar fashion. The
vast majority of the nodules were subpleural, and
thus casily removable without extensive resection.
All thoracotomies were performed under the di-
rect supervision of the senior author. It is interest-
ing that despite the presence of only three or four
nodules on many CT scans, up to 50 or more nod-
ules were found and removed in a number of these
patients.

Follow-up evaluation was available in 32 pa-
tients, with a mean of 3.43 years and a range of
0.46 to 21.2 years. Of the 34 patients, |8 were alive
at the study’s conclusion. Survival data was evalu-
ated with life-table analysis. Comparison between
two groups was with the Wilcoxon’s two-sample
test. Values of p < 0.05 were considered statisti-
cally significant.

RESULTS

Operative morbidity and mortality were
minimal. There were two deaths in the peri-
operative period, neither from complications
related to the surgery. The most common
sources of morbidity were related to the chest
tube: persistent air leak, pneumothorax, or
persistent pleural effusion. These were infre-
quent, minor complications that did not pro-
long the hospital course.

The authors attempted to identify parame-
ters that might correlate with survival, in-
cluding DFI, number of tumor nodules re-
moved, number of operations, and size of the
largest nodule removed (Table 3).

The mean DFI was 19.3 months for all pa-
tients, and 12.3 months for the OGS patients.
Patients were subdivided as follows: (1) DFI
less than or equal 1o six months, (2) DFI less

TABLE 3. Parameter Comparison of OGS
to All Patients

All oGS
Parameter Patients Patients

Discase-frec interval 580 days 369 days
No. of nodules resected 10.6 12,2
No. of thoracotomies

(mean) 3.1 3.2
Survival after st

thoracotomy 3.4 ycars 3.8 ycars
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than or equal to two years, and (3) DFI
greater than two ycars, No statistically signifi-
cant difference in survival was found (Fig. 2).
Patients were categorized by the number of
tumor nodules resected at thoracotomy, de-
pending on whether fewer than three (inclu-
sive) or more than three nodules were re-
sected. Although there was a trend toward
improved survival in patients with fewer than
three nodules resected, it was not statistically
significant (Fig. 3). The overall mean number
of resected nodules per thoracotomy was 11.
The mean number of nodules resected per
thoracotomy for the OGS patients was 12.
Patients underwent from one to ten thora-
cotomies, with an overall average of 3.1 oper-

tween the groups.

ations per patient (Fig. 1). Patients were di-
vided into two groups: those who had fewer
than three and more than three thoracoto-
mies. No relationship could be demonstrated
between the number of thoracotomies per-
formed and survival (Fig. 4).

The resected nodules were measured, and
the cross-sectional diameter of the largest
nodule was recorded. The overall mean larg-
est nodule size was 1.97 cm in diameter, and
1.67 cm for the OGS group. The patients
were divided into three groups: (1) largest
nodule less than or equal to 1 cm, (2) largest
nodule less than or equal to 2 cm, and (3)
largest nodule greater than 2 cm. There wasa
clear trend toward decreased survival in the

1.00
0.90 4
0.80 +
0.70 4
*»= <3 NODULES . .
0.60 T (<N=1 9 FiG. 3. For patients with less than or
sun?wm. 0.50 + equal to three or more than three nod-
0.40 1 O 5 3NODULES ules resected, percent survival per year
(Na14) after initial thoracotomy. There was no
0.30 ¢+ statistically significant difference be-
0.20 + tween the groups.
0.10 1
0.00
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FI1G. 4. For patients undergoing less
than or equal to three or more than
three thoracotomies, percent survival
per year after initial thoracotomy.
There was no statistically significant
difference between the groups.

patients with nodules larger than 2 cm, but it
was not statistically significant (Fig. 5).
Survival curves were calculated for the
study group as a whole, and for the OGS pa-
tients (Fig. 6). The overall five-year survival
was 49%; for the OGS patients, 39%. These
differences were not statistically significant.

DISCUSSION

Historically, untreated pulmonary metas-
tases from OGS were associated with a
two-year survival of less than 20%.3 Several
studies have documented improved survival
with adjuvant chemotherapy and surgical
resection, with five-year survival rates rang-
ing from 22% to 50%. However, many of
these studies excluded patients with ex-
tensive disease (multiple nodules) as inopera-
ble.Z.S.b.l2-I4.l7.|9.20.23.25 A numbcr Of patiems

FI1G. 5. For patients categorized by
the size of the largest nodule resected,
percent survival per year after initial
thoracotomy for resection of metas-
tases. Despite a trend toward poorer sur-
vival for patients with larger nodules
(more than 2 cm), there was no statisti-
cally significant difference between the
groups.

%
SURVIVAL

% SURVIVAL 0.50 ¢+

1.00
0.90 1
0.80 4
0.70 1
0.60

-8~ <3 THORACOTOMES
(N=21)

O~ > 3 THORACOTOMIES

0.40 +
{N=13)

0.30 1
0.20 1
0.10 +
0.00 —t—t
1 2 3 4 5

YEAR

in this study were referred from other institu-
tions that had refused operation on the basis
of extensive or recurrent disease.

Although a more aggressive surgical ap-
proach to pulmonary sarcoma metastases is
now widely accepted, some authorities have
advocated limiting metastasectomy to select
groups, e.g., patients with fewer than six nod-
ules, a long DFI, or slow TDTs.>!! These and
other parameters have been found to corre-
late with improved survival,

An extremely aggressive surgical approach
for pulmonary OGS metastasis is warranted.
No parameters have been clearly identified
that are accurate enough predictors of out-
come to guide patient selection for operation.
In the present series, survival for patients
with fewer than three nodules was marginally
better but not statistically significant (Fig. 3).
Others have noted similar findings.'>* For

1.00 —-
0.90 T+
0.80 +
0.70 +
0.60 +
0.50 4
0.40 4
0.30 4
0.20 1
0.10 1
0.00 A

‘8~ ¢ 1 CM (N=9)

T 1CM<SIZE<2CM
(N=5)

***> 2 CM (N=7)
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FiIG. 6. For patients as a whole versus
OGS patients, percent survival per year
after initial thoracotomy. The five-year

this reason, the authors' policy is to explore
any patient with isolated pulmonary metas-
tasis from sarcoma, regardless of the extent of
disease seen on preoperative radiographic
studies. The authors have removed as many
as 80 to 100 nodules during a single thora-
cotomy.

Multiple thoracotomies to resect recurrent
disease have been identified by some authors
as an indicator of poor outcome.™? The au-
thors were unable to demonstrate any differ-
ence in survival for patients treated with
fewer than three thoracotomies compared to
those with more than three thoracotomies
(Fig. 4). This seems to support multiple thor-
acotomies for recurrent metastatic disease.
Others report similar findings.'""

One argument against resection of wide-
spread metastatic deposits is the risk of leav-
ing the patient with inadequate pulmonary
reserve. Automatic stapling devices remove
significant amounts of normal surrounding
pulmonary parenchyma with each nodule.
For this reason, the authors eschew these de-
vices in favor of limited nodulectomy, with
hand-sewn closure of the pulmonary defect.
A minimum of functional pulmonary reserve
is lost with this technique. The CO, or YAG
laser also helps conserve pulmonary tissue,
allows minimal blood loss, and preserves seg-
mental structures.

Tumor necrosis in resected pulmonary
nodules has been reported to be an indicator

survival rate for the study group as a
whole was 49%; for the OGS patients,
39%.

of improved prognosis.?* Tumor necrosis was
observed in only four of 34 patients at the
initial thoracotomy. Unfortunately, one pa-
tient was lost during the follow-up interval.
The other three patients had prolonged sur-
vival (a mean of 10.4 years). Although no de-
finitive conclusions can be drawn from this
small number of patients, the implication is
that nodule necrosis may indicate an im-
proved response to chemotherapy.

Although there was a trend toward in-
creased survival with a DFI of more than two
years, there was no statistically significant
correlation. The literature is equally divided
on this point; several papers report a signifi-
cant relationship between DFI and survival,
whereas others do not.>!?"?2 Since a shorter
DFI might indicate a more virulent neo-
plasm, such an association is at least theoreti-
cally attractive. Tumor doubling time, an-
other variable refated to tumor virulence that
has also been reported to correlate well with
outcome, was not reviewed in this series.''

The size of the resected nodules has been
suggested as a prognostic indicator. Larger
nodules should represent faster tumor
growth, since all (even asymptomatic) pa-
tients were cvaluated roentgenographically at
fixed intervals. The data did, in fact, show
decreased survival of patients with nodules
smaller than 2 cm but it was not statistically
significant.

In summary, overall survival was 55% after

&
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pulmonary resection for sarcoma metastasis,
with an overall five-year survival of 49%.
There was no statistically significant survival
difference on the basis of the number of thor-
acotomies performed, number of nodules re-
sected, size of nodules, or DFI. An aggressive
approach using lateral thoracotomies and
laser technique for surgical resection of pul-
monary sarcoma metastases is warranted. In-
dications for resection of pulmonary sar-
coma metastases include the presence of all
of the following: (1) control of the primary
disease, (2) ability to preserve an adequate
amount of functional pulmonary tissue, and
(3) absence of extrapulmonary metastatic de-
posits. The presence of extensive, bilateral, or
recurrent metastatic deposits should not be a
contraindication to thoracotomy.
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@re and following preoperative chemother-
i may provide prognostic information by
d€picting tumor response to therapy. Follow-
ng surgery. plain roentgenography, radionu-
clide bone scanning, and cross-sectional
imaging may all be used to identify local re-
currence and metastatic disease.

In this article, the authors discuss the preop-
erative and postoperative imaging evaluation
of the patient with osteosarcoma. The con-
cepts that are discussed reflect an ongoing col-
laborative effort between the sections of mus-
culoskeletal radiology and oncologic ortho-
paedic surgery at the authors’ institution.

PLAIN ROENTGENOGRAPHY

Whereas other imaging modalities may
better depict the bone and soft-tissue extent
of a lesion, plain roentgenography is the key
imaging modality for its diagnosis. This is es-
pecially true for osteosarcoma.

Several classification systems of osteosar-
coma have been proposed. The most com-
mon reflects the predominant type of tissue
in the tumor as well as its location within the
bone.'* Primary osteosarcomas may be clas-
sified as intramedullary (central) or juxtacor-
tical. The predominant histologic type may
be reflected in its roentgenographic appear-
ance. Since most osteosarcomas have a
mixed histologic pattern, their roentgeno-
graphic appearance combines sclerotic and
lytic changes. Some osteosarcomas are pri-
marily composed of mineralized osteoid and
are sclerotic (Fig. 1). For others, in which un-
mineralized cartilage, spindle cells, histio-



